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Outlook =P-L LSPN

* [ntroduction
e Polycyclization cascades
e (C-centered radical initiated cascades

e aldehydes
e alkyl

e alkenes

e alkynes

 N-centered radicals
* N-aminyl radical
* N-amidyl radical
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Intro =Pr-L LSPN

Why radical polycyclizations ?

Cascade polycyclization reactions => huge interest to shortly access complex frameworks
*  Pericyclic reactions (electrocyclizations, cycloadditions, ..)
* Very elegant, robust, complex structures can be obtained from a single
transformation
* Substrates must be carefully designed (matched/mismatched orbitals)
* lonic cascades (cationic, anionic)
* Present in biosynthetic pathways, nature’s choice, well implemented
* Difficult to control due to many possible rearrangements/shifts (carbocations),
low functional group tolerance

* Radical cascades

* Very reactive, extraordinarily short access to complex frameworks from simple
starting materials
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Intro

EPFL LSPN

Radical generation

Homolysis
Heat or light
/*X .
pa— —_—
)S/ 2X
example :
CN N>
CN
_N —A> 2
CN
ek
R\O/O\R — 7 2R

Homolytic cleavage of weak,
non polarized bonds

Single-Electron

Metal mediated hydrogen
Reduction / C-H bond oxidation

atom transfer

~
O O M 0O 09 O o MIH —= H o+ M
/u\\)J\ ; /u\\).\ or /U\./U\
M**Tor M*! M = Mn, Fe, Co, Sn
Electron addition on polarized

bonds or metal oxidation of
activated C-H bonds

“Homolytic” cleavage of transition
metal hydrides generating highly
reactive hydrogen radical species

Once generated, radicals tend to propagate

=> well suited for cascade reactions to rapidly access complex frameworks.
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Introduction — pioneering work =Pr-L LSPN

Pioneering work : Porter (1970s) : peroxide initiated cascades for prostaglandins synthesis

OOH
Y e @ O
o benzene (‘)' o° Observations in peroxy radicals cyclization,
OH 30% which were further used for the synthesis
HOO of prostaglandins analogues
| DBPO,O, ; |\/,02
o) O .
HO benzene (@) /O
25% o
OH
,—COOH
C,H oA CaH COOH CoHy
/(t/\iCOOH T S ~-cooH O, NaBH HO
\ N F o] S
HOO NN Ngyyy,, benzene it 2d - »C5H11 \ MeOH
CgH OH
02 50111 C5H11

Prostaglandin Analogues

Porter, J. Am. Chem. Soc. 1975, 97, 1281; J. Org. Chem. 1975, 40, 3614
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Introduction — pioneering work =Pr-L LSPN

Pioneering work : Ueno-Stork 1980s : halo-abstraction and substrate design for regiocontrolled radical
cascades Bu,SnH

Bu3SnH, ) .,

Br X7
X /I: AIBN /Lﬂ okt
0~ “OEt Benzene, reflux O~ "OEt (0]

81%

Ueno, J. Am. Chem. Soc. 1982, 104, 5564; Stork, J. Am. Chem. Soc. 1983, 105, 3471
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Intro =Pr-L LSPN

Pioneering work : Curran 1980s : Total synthesis of Hirsutene employing radical polycyclization

4
/g/ BuszSnH, AIBN —~ [
[ > ' -
q\b"" benzene, 80°C X o
53%

(x) Hirsutene

First radical polycyclization in the context of total synthesis

Curran, J. Am. Chem. Soc. 1985, 107, 1448
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Outlook =Pr-L LSPN

* Polycyclization cascades
* C-centered radical initiated cascades
* aldehydes / ketones
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=PrFL

C-Centered radical : aldehyde

LSPN

Sm(ll) used for generation of ketyl radical via single electron transfer (SET)

OPiv
X0 Sml, (2.5 equiv)
THF/tBuOH, 0°C 22 steps
W
H Vo 88%
IO CO,Me
Ketyl radical i
( Aldol (chelation
\generatlon ‘ controlled)
OPiv
OMe
Sm|2 :§
2 N
anti- O\\S Il
cyclization "
?
sm

Chelating effect of the ester on the Sm(lll) induces :

- Selective aldehyde reduction
- High diastereoselectivity

Procter, Chem. Eur. J. 2013, 19, 6718

(+) mutilin

J 2 steps

(+) pleuromutilin

Initial discory of Sml, as one electron reducing agent : Kagan, J. Am. Chem. Soc. 1980, 102, 2693—-2698
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EPFL LSPN

C-Centered radical : aldehyde

Sm(ll) used for generation of ketyl radical via single electron transfer (SET)

Sml,, LiBr 6-endo

N t BuOH ( _cyclization
1 \(\) l “ \O Sm |||l
07 0 No THF, -78°C o
54% \/
Sm|2

Aldol :
_Aldol OAc |
O

(-) maoecrystal Z

Chelating effect induces again high diastereoselectivity (single diastereomer)
Least hindered aldehyde reacts first

Reisman, J. Am. Chem. Soc. 2011, 133, 14964
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Outlook =Pr-L LSPN

* Polycyclization cascades
* C-centered radical initiated cascades

. alkyl
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C-Centered radical : alkyl E PFL LSPN

Sn radical used for halo-abstraction to generate stable tertiary C-centered radical

H-SnBu3
TMS )
\
1) n-BusSnH, AIBN o) AN
benzene, reflux =
|_-| -OTBS

2) RUOZ, Na|04
MeCN, CCl,, H,0, 0°C
23% over 2 steps

20% over 2 steps 34% over 2 steps

limonoid skeleton

*  First 6-endo occurs from top face of the pseudo-chair form due to sp3

H
H
hybridized carbon atom next to double bond (C-OTBS) (C7) => @ W
H

stereodetermining step governed by hybridization of C7
trans-decalin cis-decalin

* Access to trans-decalin

Inoue, J. Org. Chem. 2021, 86, 6869
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C-Centered radical : alkyl E PFL LSPN

Sn radical used for halo-abstraction to generate stable tertiary C-centered radical

1) n-Bu3SnH, AIBN H .
benzene, reflux g 6-endo \)l
L i
2) RuO,, NalOy4 O \\ o) ¢ l \\JH-SnBug,

MeCN, CCly, H,0O, 0°C OTBS OTBS ths
23% over 2 steps

6-endo /
5-exo

OTBS

23% over two steps

limonoid skeleton

*  First 6-endo occurs from bottom face of the pseudo-boat form due to

H
sp? hybridized carbon atom next to double bond (C=0) (C9) => @ W
stereodetermining step governed by hybridization of C7 A
trans-decalin cis-decalin

* Notable access to thermodynamically non-favoured cis-decalin

Inoue, J. Org. Chem. 2021, 86, 6869
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C-Centered radical : alkyl E PFL LSPN

Sn radical used for halo-abstraction to generate stable tertiary C-centered radical

BU3SnH

V-40 .
Toluene (BnO),HC &\

_ =

54% HO

OMe
puberuline C

() puberuline C framework

*  First sythesis of the hexacyclic framework of Puberuline C

* Challenging 7-endo trig cyclization (DFT : optimal SOMO/LUMO interraction)

Inoue, Chem. Sci. 2016, 7, 4372
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Outlook =Pr-L LSPN

* Polycyclization cascades
* C-centered radical initiated cascades

* alkenes
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C-Centered radical : alkenes E PFL LSPN

Fe-mediated hydrogen radical generation and addition on alkene radical acceptor

Fe(acac); (25 mol%)

H
_ _ Et0,C O H
PhSiH3 (2.5 equiv) H ~la o H
~ TBSO NN\
EtOH / glycol, 60 °C Nud ’ 2 : H
2 H |
= ' t -decali is-decali
. _/ 45% after deprotection i rans-decalin cls-decain
H

Trans-decalin favored thanks to
mismatched radical/acceptor

12 steps philicity. Slow radical addition
— favours thermodynamic product.
,FT%
MeO,C | A
R BusSnH MeO2Q,_ ; TRy
ABN _ Cis-decalin isomer observed due to

PhSe” [ I A steric repulsion with ester group.

R1 = alkyl

R, = Me/alkyl

Liu, Angew. Chem. Int. Ed. 2017, 56, 5849
Pattenden, J. Chem. Soc., Perkin Trans. 1, 2000, 3522
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Outlook =Pr-L LSPN

* Polycyclization cascades
* C-centered radical initiated cascades

e alkyne
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C-Centered radical : alkynes E PFL LSPN

An enyne radical cyclization triggering 1,5 HAT

OBn 0Bn OBn Unexpected Tosyl deprotection in
Barton — McCombie

, OTf _ BusSnH, ABN . ot oTf deoxygenation conditions
SYO N Ba;rton-McCOtmbie (Ter //N triggered by 1,5 HAT during the
s soxygenation H” H N synthesis of Dapholdhamine B

Sn radical addition on alkyne radical acceptor

OH
1)BusSnH, AIBN  BusSn. . BusSn
\& 7 —_—
2) TsOH N

68%

COQMe

OH OH

>~%%>

-)-caldaphnidine O

Z‘\

Xu, J. Am. Chem. Soc. 2019, 141, 13043
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Outlook =Pr-L LSPN

* Polycyclization cascades

* N-centered radicals
* N-aminyl radical
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EPFL LSPN

N-Centered radical : aminyl

Ir photocatalytic single electron oxidation of N anion generated from basic deprotonation

Type |
Eburnane Alkaloids

intra-/intra-
molecular cascade

(0]
.R -R
N base, Type Il
= photocatalyst - . Akuammiline Alkaloids
intra-/inter-
NH Blue LEDS molecular
'i's cascade
Corynanthe,
Heteroyohimbine,
Type Il ___ _, Yohimbine,
. . . Cinchona and
intra-/inter-/intra- N Ts Strychnos Alkaloids
molecular cascade Ts

First use of photocatalytic radical generation for natural product synthesis

Qin, Acc. Chem. Res. 2019, 52, 1877
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EPFL LSPN

N-Centered radical : aminyl

(&) &

TS4 TS
R = (CH,CHCHR'  "switch-off*
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EPFL LSPN

N-Centered radical : aminyl

Strychnos Alkaloids : (+)-strychnine

0.5mol%
N Ir(dtbbpy)(ppy)2PFs N
/\/OH KHCOg3, blue LEDs 7 steps A H )=
+ - N OTIPS
A cHo — degassed THF, 37 °C H H —CN

80%, 2.5:1 drat C15

SnCly, tBuOClI
PhMe, -15°C
—_—
then LIHMDS
30%

(+)-strychnine

Qin, Org. Lett. 2019, 21, 252
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Outlook =Pr-L LSPN

* Polycyclization cascades

* N-centered radicals

* N-amidyl radical
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EPFL LSPN

N-Centered radical : amidyl

Sn radical used for benzoyl-abstraction to generate amidyl radical

M
Bu,Sn. N € 0TBS
02 A 'vH  BusSnH, ACCN Me: OTBS Me:_ OTBS
Ph/U\o’,')l PhCF3, rt 5-exo
o} o} 52% \( [WH  cyclization 2,,,,“ OH
. N\\-
o}
0 o
Me otes
~
Cl
Cl
\{N‘& \VHh — Observed cyclization product when
o S using hydrogen substituted
o precursors

The chlorine substituent is introduced to direct 6-endo versus 5-exo cyclization

Zard, Angew. Chem. Int. Ed. 2002, 41, 1783; Synlett, 1996, 12, 1148; Tetrahedron lett. 1995, 36, 8791; Tetrahedron Lett. 1999, 39, 2125
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Conclusions =Pr-L LSPN
Cascade radical polycyclization reactions
*  Well implemented in nowadays total synthesis
e Ultra short access to complex frameworks
e Radicals propagate until being “stopped”
=> “infinite” potential but also very challenging cascade design
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Conclusions =Pr-L LSPN

Thank you all for your attention !
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LSPN

C-Centered radical : alkenes

0—

“
-

A
12

13
catalytic - chiral substrate-
asymmetric controlling radical
radical cascade
cascade
RO._O—0 RO: 9.0 + OBz
S0 o, T [ o = OR 17
l ap-.. f}w 4
'\ HCOX 18O
\ \ +
14 15 /\/E/)
[(M]

19

Scheme 1. Retrosynthetic analysis of hispidanin A.
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